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[57] ABSTRACT

A method of manufacturing molded articles of metal
alloys, especially of nickel-base alloys, chromium-base
alloys, titanium-base alloys, and dispersion-hardened
alloys. A powder of the alloy, or a blend of powders of
alloy constituents, is mixed with one or more plastics,
selected from thermoplastics, duroplastics, and internal
lubricants to form an injectionable granulate com-
pound, the plastic content amounting to about 30% to
50% by volume. The compound is prepared by dis-
solving the plastic in a solvent which will not attack the
base material of the alloy, and by blending it with the
metal powder, after which the solvent is evaporated.
The injectionable granulate compound is then injection
molded to form a molded article. By heat treatment at
600° C. or below in inert gas the plastic is eliminated
from the molded article. The article is then sintered. To
improve its strength, the article may subsequently be
subjected to hot isostatic pressing. This improves the

mechanical properties (especially fatigue strength) of
molded articles.

13 Claims, No Drawings
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METHOD AND APPARATUS FOR
MANUFACTURING MOLDED-ARTICLES OF
ALLOYED MATERIAL

This i'nventlon*' relates t0 method _and appe_ratns' for
manufacturing molded articles of -alloyed ' material, -

more particularly of nickel-base alloys, chromium-base =

alloys, titanium-base alloys, and dlSpersmn-hardened
alloys. | | - S | 10
Molded articles of nlckel-base, chromlum-base,and |
titanium-base alloys are normally manufactured by an
investment casting proceéss. Castings, however, exhibit
relatively poor mechanical properties especially with' -

‘respect to fatigue strength, which is of significance for 15-

 statically or dynamically stressed components, such as
rotor blades and nozzle vanés in turbines. o
The mechanical properties of such components can

be improved by making the part of a suitable wrought

or forged alloy."However, complex-section parts, such. 20

as turbine rotor blades and nozzle vanes or integral
turbine wheels, cannot be manufactured in their final
contour by hot or cold forming. In addition, a consider- -
able amount of mechanical or electrochemical machin-
ing is needed. Therefore, the manufacture of highly-' 235
stressed components for which the strength of casting
alloy is inadequate and which are therefore made of a
wrought or forged alloy; is encumbered by considerable
expense in terms of processing and material lost.
Materials hardened by a particle- dispersion’ process 30

are not of satisfactory. quality, regardless of whether

cast or forged, for the reason that this process-does not .
provide adequately homogeneous: distribution: of the -
particles. The present: state: of the art includes . TD-
nickel, which is a thorium oxide dispersion hardened 35
nickel ‘material. The manufacturing technology.of:the:
material, however, does-not permit complex shapes to: -
be obtained at reasonable cost. The major problem:en-:
countered-is that, as-a starting material, use must invari-
ably be made of metal sheet or plate like semi-finishes. 40

In a broad: aspect,, the present invention. provides.

method and apparatus for manufacturing molded: arti--.. -
cles of the type described: which overcome -the disad- :
vantages ‘of wrought or casting alloys, and more partic- - -

ularly which Improve then' propertles at moderate ex--45
oy i -- a .- . .. turbine wheels. After 1n_|ectlon-mold1ng, the resulting
- molded article requires little if any subsequent mechani-

pense. i e
It i1s a partleular ob_]ect of the present mventlon to
provide a method wherein a powder of a spitable alloy, .
or a mixture of powders of suitable alloy constituents, is
mixed with one or more plastics selected from thermo- 50
plastics, duroplastics, and internal lubricants to form an
injectionable granulate. .compound . which-. contains .
about 30% to 50% by. volume of the plastic and which
is then: mjectlon-molded to form a-molded article. - .. -
More partleularly, in the 1njectlonable granulate com- 55
pound, the plastic is dissolved in a solvent which will
not attack the base metal of the alloy, and is mixed with .
metal powder, after which the solvent is evaporated.
The plastic of the injection-molded article.is removed at
least partially from the molded article by heat treatment 60
at about 600° C. or-under in inert gas or in a vacuum.
Followmg removal of the.plastic, the-molded article 1s .
sintered in-an inert gas at-a temperature of 50%.to 90%:
of the melting temperature of the metal of the alloy..
This causes the molded article to shrink, achlevmg a 65
density of 95% to 98% of theoretical. - . ..
In a further advantageous aspect of the present inven- -
tion, the injection-molded article, if intended for high

2

~* service stresses, is hot isostatically pressed at a pressure
- of about 500 to 3000 bar and at the sintering tempera-

ture of the metal used. This brings the density of the

- molded article to nearly 100%, to greatly improve its
Lstrength | | |

Advan_tag_eously, ‘the thermoplastics used are poly-
ethylene, polystyrene, polyamide, and/or cellulose and
their derivatives; the duroplastics used are epoxy resins,

‘phenolic resins and/or polyamides; and the plastic inter-

nal lubncants used are steane acid, stearates, and/or
waxes. " ‘

For melded artlcles made of a nickel-base alloy, a

- titanium-base alloy, or a chromium-base alloy, the start-

ing powder-or mixture is preferably low in carbon, since
most binders are known to leave free carbon behind,

- which might impair the properties of the molded article

when the binders are being eliminated by heat treat-

~ ment. Use of a base material low in carbon, therefore,

keeps the carbon content of the molded article within
allowable limits despite the carbon left behind by the
binders. 1

For molded articles of nickel, tltanmm, or chromtum,
base alloys, the binders used are preferably polyethyl-

. enes and stearates, which after heat treatment or re-

moval of the plastic leave little carbon behind, to com-
bat the problem-mentioned above. The problem 1s over-
come; in a further aspect of the present invention, when
elimination of the plastic by heat treatment is followed

- by hydrogen heat treatment, with the pressure set at 1

to 300 bar and the temperature at about 400° to 1000° C.
The method of the present invention can be modified

- such that the sintering process is followed by heat treat-

ment intended to adjust the grain size of the material to

. best suit the molded component.

An apparatus desngned for 1mp1ement1ng the method

. of the present invention is characterized by those parts
. of the apparatus. that experience wear from the fric-

tional. effect of the injectionable granulate compound

" being formed from the same material as the alloy to be

40 processed, or being coated with that alloy. This protects
the alloy from belng contammated during manufacture.

The invention improves the fatigue strength of the
material. It also permits the manufacture of complex
components of highly intricate final contours, such as
rotor blades and nozzle vanes of turbines or 1ntegral

cal or: electrochemical machining. It is especially the
drastic reductlon in machining effort which distin-
guishes this simple manufacturing process, and its high-
quality produet from the prevmusly-mentloned manu-
facturing processes for shaped-section components. ..
The invention will now be described more fully. The

. starting material is a powder of a suitable alloy or of a

blend of powders of alloy constituents. This powder is

- prepared with the aid of thermoplastics, duroplastics,

and internal lubricants to form an mjeotlonable com-
pound The compound contains plastic in the amount of
30% to. 50% by volume.
The plastics which may be used are the following:
thermoplastics: polyethylene, polystyrene, polyam-
" ide, cellulose, and their derivatives
duroplastics: epoxy resins, phenohc resms, polyam- |
- ides |
internal lubrleants steanc acid, stearates, waxes.
The plastics selected are dissolved in a solvent which
will not attack the metals and is blended with the metal
powder. The solvent is then evaporated, and the com-
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~ pound is conditioned to form an injectionable granulate.
This granulate is then injection molded to form the
molded-article.

After injection moldmg, the plastlo 1s ehmmated from .
the molded article by heat treatment at 600° C. or less in

S

an inert gas. The part is then sintered in an inert gas or

in a vacuum- at 50% to 90% of the melting temperature

- of the metal used. This causes the part to shrink linearly .
by an amount of 10% to 25% for an ultimate density of . ...

95% to 98% of theoretical maximum density. .
When parts are intended for high service stresses, hot
isostatic pressing (pressure: 500 bar- to 3000 bar, and
temperature as for sintering) can be used to bring the
density to very nearly 100% for consrderably unproved
strength. | * SRR |
The - method lends 1tse1f for use. prlmanly wrth the
following alloys: T |
nickel-base alloys, -
chromium-base alloys,
titanium-base alloys, and .
dispersion-hardened alloys.

10

15

4 |
preferably made of evacuatcd m_]ectlon-moldmg ma-
- chines. | . JET

'CHROMIUM ALLOYS |

Chromrum alloys strongly resemble nickel-base al-
loys as regards chemical properties, so that they pose

- the same problems. To overcome the problem of free.

oxygen, the countermeasures are the same as were indi-
cated for the nickel-base alloys.

DISPERSION-HARDENED ALLOYS

The dlspersmn-hardened alleys are two—phase or .

multi-phase materials the matrix of which consists of an

oxidation-resistant, mostly single-phase alloy. Embed- . -

ded in the matrix are partlcles of a second phase (or of
several phases). -

stperswn-hardened alloys are charactenzed by the o

- fact that the particles cannot be dissolved in the matrix.

20

- The method will have to be modified to best su:t the_

type of alloy and achleve optlmum results.
- | NICKEL-BASE ALLOYS

- 25

The main problem with nickel-base. alloys is that most -
binders will leave free carbon behind when being elimi- -

nated by heat treatment. ‘The carbon may compromise

the properties of the molded article. In order to combat |
the problem, the followmg counter-measures are lndl- |

cated:

limits despite the carbon remaining behind;

30

Use of a startlng powder that 1is low in carbon, keep— -
ing the carbon content of the part within allowable

The particles cause the material to harden. The merit of
dispersion-hardened alloys is their resistance to aging at |
elevated temperatures, because of the. 1nsolub111ty of the
second phase, 3 ~ ,:
In the manufacture of such alloys, two ma_]or dlfficul- -
ties need be overcome: .
the particle should be as small as possrble (1 p,m) L
the particles should. be homogeneously distributed in. . ..
- the matrix. - o
The particles are normally. added to the melt of the.
matrix alloy. The one disadvantage characterizing this
process is that owing to differences in the density of the.

matrix and of the particles, concentration gradients will -
result when the melt is poured. Forces of adhesion will -

- additionally cause the particles to lump together. The-

33

Use of binders that leave little carbon b behmd such as

polyethylenes and’ stearates;

Hydrogen heat treatment after removal of the bmder |
- under heat, at a pressure of 1 to 300 bar and a tem—’

~ perature of 400° to 1000° C.; |
For alloys low in carbon, it wrll ‘be helpful to heat

treat after sintering. The carbon from the binder is

- f‘dlstnbuted non—homogeneously and tends to ap-
* pear at places which before sintering were the

“surfaces of powder grains. Heat treatment dtstnb- 45

) _utes the carbon homogeneously
" “TITANIUM ALLOYS

As was the case with nickel-base alloys, the binders

may release carbon which compromises the mechanical
strength of the finished products. For generally ade-

quate mechanical strength of the material, the starting

powder is low In carbon to compensate for the exces-

sive carbon content of the binders, thereby keeping the

carbon portion of the molded article within allowable

35

limits despite the amount of carbon left behmd by the"

binder (cf. nickel-base alloys).

When being heated for elimination of the binder, the |
latter releases hydrogen. Hydrogen readlly dissolves in

titanium alloys and compronnses their strength. It must
be removed under heat using conventlonal procedures
in a vacuum or in an inert gas.

Titanium alloys will readily oxrdlze All process oper-
ations taking place at temperatures above room temper-
ature should best be performed in a vacuum or in an
inert gas. This especlally includes the blendmg of the
compound and its injection into molds. Use is prefera-_

bly made of conventronal blenders. For injecting, use is -

65

distribution of particles will altogether be rather less:

than ideal. Homogenization by plastic deformation is -

prevented since the plastic- deformability of the known‘ |
alloys'is inadequate for the purpose. - -~ - .
The method of the present invention will give a very*
homogeneous distribution of the ‘particles. The particles - .
are added to the matrix powder and blended with it..
Considering that no melting phase occurs during the
entire process, separation or formation of gradients is :
prevented. Nor will the distribution suffer at the time
the compound is conditioned and injection-molded,

‘when it would in fact rather tend to benefit. The very -
homogeneous distribution of particles achieved by the

method gives better strength of the molded article than
would conventional manufactunng processes. - - -
In order to prevent.contamination in processmg, the ~

‘method can be modified as follows:

Those parts of the blender (contalner and agltatlng -
bars) and of the injection-molding machine (worm gear,

cylinder, backflow baffle, nozzle) that are subject to. .

wear by frictional contact with the compound, are
made of or coated with the material of the alloy to be
processed. Use can also conceivably be made of similar

alloys, or merely one or several alloy constituents that

would be particularly suitable for the purpose. |
With alloys containing carbon the binder can be uti-

‘lized as a carbon donor. The sintering process can be.

followed by heat treatment intended to adjust the gram
size to suit the application of the molded article.

Injection-molding can utilize-inserted lost cores con- -
sisting of a material that will decompose at the time the

binder is removed under heat (illustrative core materials
are plastics, preferably duroplastics, possibly carbon
fiber reinforcéd). The use of cores will readily permit
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manufacture of complex cooling configurations in tur-
bine blades, and other appropriate parts.
The invention has been shown and described in pre-
ferred form only, and by way of example, and many
variations may be made in the invention which will still
be comprised within its spirit. It is understood, there-
fore, that the invention is not limited to any specific
form or embodiment except insofar as such limitations
are included 1n the appended claims.
We claim:
1. A method of manufacturing a molded article of
metal alloy material, comprising the steps of:
providing a granulate mixture of metal alloy powder
and a plastic binder, the plastic binder being be-
tween 30% and 50% by volume of the mixture,

injection molding the mixture to form a molded arti-
cle, |
subjecting the molded article to a first heat treatment
at a temperature no higher than 600° C., in an atmo-
sphere of an inert gas or in a vacuum, to at least
partially remove the plastic, carbon remaining in
the molded article as a result of this heat treatment,

thereafter subjecting the molded article to a second
heat treatment, in an atmosphere of hydrogen, at a
pressure of 1-300 bar, and at a temperature of be-
tween 400° and 1000° C,, to

thereafter sintering the molded article.

2. A method as defined in claim 1 wherein the alloy
powder includes one or more alloys selected from the
group consisting of nickel-base alloys, chromium-base
alloys, titanium-base alloys, and dispersion-hardened
alloys.

3. A method as defined in claim 1 wherein the plastic

is one or more of a thermoplastic, a duroplastic, and an
internal lubricant.

4. A method as defined in claim 1 wherein the granu-
late compound is prepared by dissolving the plastic in a
solvent which will not attack the base metal of the
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alloy, mixing the dissolved plastic with the alloy pow-
der, and thereafter evaporating the solvent.

S. A method as defined in claim 1 wherein after at
least partial removal of the plastic, the molded article 1s
sintered in an inert gas or in a vacuum at a temperature
between 50% and 90% of the melting temperature of
the base metal of the alloy powder.

6. A method as defined in claim 1 wherein sintering is
accomplished by hot isostatically pressing the molded
article at a pressure between 500 to 3000 bar and at the
sintering temperature of the base metal of the alloy.

7. A method as defined in claim 3 wherein the ther-
moplastic is selected from the group consisting of poly-
ethylene, polystyrene, polyamide, and cellulose, and
their derivatives.

8. A method as defined in claim 3 wherein the duro-
plastic is selected from the group consisting of epoxy
resins, phenolic resins, and polyamides.

9. A method as defined in claim 3 wherein the internal
lubricant 1s selected from the group consisting of stearic
acid, stearates, and waxes.

10. A method as defined in claim 7 wherein the alloy
powder includes one or more alloys selected from the
group consisting of nickel-base alloys, chromium-base
alloys, and titanium-base alloys, the alloy powder being
low 1n carbon.

11. A method as defined in claim 1 wherein the alloy
powder includes one or more alloys selected from the
group consisting of nickel-base alloys, chromium-base
alloys, and titanium-base alloys, and the plastic binder is
one which when at least partially eliminated from the
molded article by heat treatment leaves little carbon
behind.

12. A method as defined in claim 11 wherein the
plastic binder is a polyethylene or a stearate.

13. A method as defined in claim 5 wherein after
sintering, the molded article is heat treated to adjust the

grain size of the material of the article.
* % % ¥ %
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